Systematic site-directed mutagenesis of human protein SRP54: interactions with signal recognition particle RNA and modes of signal peptide recognition.
The amino acid residues of human protein SRP54 which are required for binding to SRP RNA were identified by generating 40 nonoverlapping tri-alanine alterations within its methionine-rich M-domain (SRP54M). The mutant polypeptides were expressed in Escherichia coli, and their ability to bind to human and Methanococcus jannaschii SRP RNA were determined in vitro. Residues at positions 379-387, 394-396, 400-405, and 409-411 of human SRP54 were within the predicted RNA binding site, and their alteration abolished the binding activities of the mutant polypeptides as expected. Changes at positions 418-423 had intermediate effects. Polypeptides containing mutations of 328-TLR-330 were inactive although these residues were far away from the presumed RNA binding site in the crystal structure of the free protein. Using the structures of the E. coli Ffh/4.5S core and of the human SRP54m dimer as templates, a molecular model of the complex between human SRP RNA helix 8 and a single SRP54M molecule was constructed in which Leucine 329 was positioned in closer proximity to the RNA binding domain. This representation was supported by studies of the SRP54m monomer/dimer ratio using gel filtration. The results were consistent with a change in the shape of the signal peptide binding groove upon binding of SRP54 to SRP RNA. We propose that the SRP RNA and a small region centered at a bulky nonpolar amino acid residue at position 329 of protein SRP54 play a critical role in the SRP-dependent binding and release of signal peptides.